Based on extensive field and herbarium studies, twenty species of Bromeliaceae are newly reported for Panama: Aechmea beeriana, A. penduliflora, A. pittieri, A. strobilacea, Bromelia hemispherica, Guzmania graminifolia, G. hollinensis, Pitcairnia halophila, P. wendlandii, Tillandsia dexteri, T. ionantha, T. longifolia, T. utriculata, Werauhia bracteosa, W. kathyae, W. macrantha, W. macrochlamys, W. notata, W. paniculata, W. viridis 
Introduction
Among the Central American countries, Panama (8560 species, Correa & al. 2004) and Costa Rica (8249 species, Hammel & al. 2004 ) are the countries with the highest diversity of flowering plants, which is well correlated with the overall biodiversity. The diversity of flowering plants scientifically documented for Panama has increased considerably in the last decades: from 5314 species in the "Flora of Panama" founded by Woodson and completed between 1943 (D'Arcy 1987 , to 7345 species in the checklist by D'Arcy (1987) and 8560 species in the most recent checklist by Correa & al. (2004) . Keeping the comparatively small surface area of 75 845 km 2 (IGNTG 2007) in mind, Panama is obviously one of the hotspots of plant diversity in the Neotropics.
The Bromeliaceae (bromeliads) of Panama, though clearly outnumbered by the orchids, are one of the major groups of epiphytes and contribute considerably to overall forest diversity. Because of their ecological versatility they have attracted special attention from botanists, ecologists and physiologists (e.g. Smith & Downs 1974 , 1977 , 1979 , Croat 1978 , Laube & Zotz 2006 and Zotz & Schultz 2008 .
Within a few decades, our knowledge of the Panamanian bromeliad flora has increased considerably. Smith (1944) reported 87 species, D'Arcy (1987 ) 136, Utley (1994 ) 148 and Correa & al. (2004 178 species. Further additions were recently published by Morales (2009) (Werauhia brunei, W. camptoclada) and Wester & al. (2011) (Aechmea mariae-reginae, Tillandsia pruinosa, Werauhia singuliflora) .
Here we present updated and amended information on the diversity of Bromeliaceae in Panama, including patterns of endemism and systematic diversity. The results are based on detailed studies of the relevant herbarium collections and extensive fieldwork.
Material and methods
The herbarium collections of Bromeliaceae from 31 herbaria (B, BM, COL, CR, DS, DUKE, F, FR, GH, HEID,  HUH, INB, K, LG, LI, MEXU, MICH, MO, NEU, NY,  QCNE, PMA, SCZ, SEL, TEX, UC, UMO, These data provide the basis for a critical evaluation of the published records of Bromeliaceae in Panama and are also the basis of the quantitative, life form and endemism analysis of the Bromeliaceae presented.
Each entry in our list of bromeliad species of Panama is substantiated by the citation of representative specimens, which allow critical examination of the report.
Nomenclature and generic delimitation follow Luther (2008) and IPNI (2011) .
Results

Bromeliaceae diversity in Panama
Twenty species are recorded here for Panama for the first time: Aechmea beeriana, A. penduliflora, A. pittieri, A. strobilacea, Bromelia hemispherica, Guzmania graminifolia, G. hollinensis, Pitcairnia halophila, P. wendlandii, Tillandsia dexteri, T. ionantha, T. longifolia, T. utriculata, Werauhia bracteosa, W. kathyae, W. macrantha, W. macrochlamys, W. notata, W. paniculata and W. viridis. Including these additions, the Bromeliaceae in Panama now comprise 206 species and account for 2.4 % of the total angiosperm flora of Panama. The whole family comprises 3172 species in 58 genera (Luther 2008) , so 6.5 % of the species and 27.6 % of the generic diversity are represented in the country.
Only three of eight subfamilies of the Bromeliaceae are represented in Panama, with a strong predominance of the Tillandsioideae (7 genera/147 species; 71.4 % of all Panamanian bromeliad species), followed by the Bromelioideae (7/34; 16.5 %) and the Pitcairnioi deae s.str. (2/25; 12.1 %) ( Table 1) .
At the generic level, Werauhia is the most diverse taxon in Panama with 47 species (22.8 % of the bromeliad flora), followed by Guzmania (45 species, 21.8 %), Tillandsia (34 species, 16.5 %), Pitcairnia (28 species, 11.2 %) and Aechmea (22 species, 10.7 %) ( Table 1 ).
All species are listed below with information on their life form (Lf: E = epiphytic, T = terrestrial, S = saxicolous) and endemism (En: PA = endemic to Panama, CR = Costa Rica, CO = Colombia). Three revised herbarium collections are listed for each species, except in cases where the number of available collections was less than three. Type specimens are indicated (holo = holotype, iso = isotype, lecto = lectotype). Three species still have to be described and are cited here as "sp.". The new species records for Panama are marked in bold and treated in more detail with information also on the distribution range of the species and with citation of all herbarium collections known from Panama. Six species recorded as erroneous for Panama are given in a separate list at the end. Distribution: Costa Rica, Panama (Fig. 1, 2A ). Correa & al. (2004) Correa & al. (2004) based on Utley (1994) . The specimen cited, Croat 26951 (MO) from 1974, actually represents Tillandsia multicaulis.
Discussion
Endemism -The comprehensive study of herbarium specimens from Panama and Costa Rica revealed not only additions to the bromeliad flora of Panama and some erroneous records but also provided some insight into the species endemism of bromeliads in Panama. Previously, 43 species were regarded to be endemic to Costa Rica (Morales 2003: 22 .1 % of the total bromeliad flora) and 17 species to Panama (Correa & al. 2004: 9 .6 % of bromeliad flora). Our results now give a different picture, with 33 species endemic to Panama, 32 species endemic to Costa Rica (own unpublished data) and 34 species occurring only in both countries. Seen in comparison to land surface area, the bromeliad endemism is considerably high in Panama. Western Panama with its higher geodiversity and altitudinal range of 0 -3475 m displays higher endemism per area than eastern Panama.
In Panama, endemism in the family Bromeliaceae is distributed among the subfamilies as follows: the Tillandsioideae comprise most endemics (22 species (66.7 %), followed by Pitcairnioideae with 7 species (21.2 %) and Bromelioideae with 4 species (12.1 %) (Table 1) .
Systematic diversity -The systematic diversity of the Panamanian bromeliad flora is confined to three subfamilies, with by far the highest diversity found in Tillandsioideae (147 species, Bromelioideae: 34 species, Pitcairnioideae: 25 species). The five other currently re cognised bromeliad subfamilies (Brocchinioideae, Lindmanioideae, Hechtioideae, Navioideae and Puyoideae; Givnish & al. 2007 Givnish & al. , 2011 are not represented in the Panamanian flora. Table  2 gives a brief summary of the species diversity of subfamilies in selected areas respective countries. A strong dominance of Tillandsioideae can also be found in Costa Rica (Morales 2003) , Mexico (Espejo-Serna & al. 2004) , Colombia (Holst 1994) , Ecuador (Holst 1994) , Peru (Holst 1994) and Bolivia (Krömer & al. 1999 ). This can thus be regarded as characteristic for Central American bro meliad floras and those of South American countries comprising considerable parts of the Andes. The bromeliad flora of the Guianas (Gouda 1999) includes 6 subfa milies, Bromelioideae and Tillandsioideae comprising the greatest number of species with each being similarly diverse.
In the state of Minas Gerais, Brazil, the data present a different picture (Versieux & Wendt 2006) . There the Bromelioideae are most diverse (120 species) followed by Tillandsioideae (82 species) and Pitcairnioideae (63 species) (Fig. 3, Table 2 ). There is a similar situation in the bromeliad flora of Río de Janeiro: Bromelioideae (131 species), Tillandsioideae (102 species) and Pitcairnioideae (11 species) (Fontoura & al. 1991) (Fig. 3 , Table  2 ). This is in line with the reconstruction of the evolution of the Bromelioideae, which underwent recent and massive radiation in the coastal forests of Brazil (Schulte & al. 2005; Schulte & Zizka 2008) .
The bromeliad flora of Chile is much poorer (23 species) with Bromelioideae, Puyoideae and Tillandsioideae being the most diverse subfamilies (Zizka & al. 2009) (Fig. 3, Table 2 ). The bromeliad flora of Venezuela, putative cradle of the family, is more diverse and varied with 7 subfamilies being represented, probably due to the variety of habitats, including the geologically ancient table mountains: Tillandsioideae (120 species), Navioideae (84), Bromelioideae (55), Pitcairnioideae (41), Lindmanioideae (38), Brocchinioideae (16) and Puyoideae (8) (Holst 1994) (Fig. 3, Table 2 ).
Life form - Fig. 4 sums up the life-forms of bromeliads in Panama. 120 species grow epiphytically and 18 as terrestrials. 48 species can be found both as epiphytic or terrestrials (e.g. Pitcairnia heterophylla, P. valerioi, Werauhia rubra), 11 additionally as saxicoles, 3 species were found growing both as epiphytes and saxicoles. Of the 206 reported species, 182 (88.4 %) are obligatory or facultative epiphytes. 83 species (40.3 %) are found exclusively or facultatively growing in soil or on rocks. The high proportion of epiphytes in the flora of Panama can be best explained by the natural vegetation of the country, which consisted of different types of tropical forest throughout the majority of its land area.
